from 4 different regions of Turkey, Istanbul, Ankara (two centers), Izmir and Rize have participated. The study population involved three groups as below: Group 1, patients with documented delayed cutaneous drug reactions (CDRs) due to any AED (CBZ, oxcarbazepine, phenytoin or lamotrigine) determined by file screenings, and the patients who experienced delayed CDRs during the follow up period of three months after the starting of a newly prescribed AED. Group 2, the patients who have been receiving treatment with any AED at least for three months without any drug related reactions (drug taking controls). Group 3, healthy subjects with no drug hypersensitivity reaction and with no use of any AED. The clinical features of the past drug reactions recorded on patient files were evaluated by expert dermatologists. Newly emerging CDRs were classified by the same experts according to the following criteria (14) . SJS was diagnosed if a rapidly developing blistering exanthema of purpuric macules and target-like lesions accompanied by mucosal involvement with skin detachment of up to 10% of the body surface area were present. Patients with skin detachment from 10 to 29% of the body surface area were categorized as SJS-TEN overlap, whereas TEN was defined by widespread macules or blisters with skin detachment of up to 30% of the body surface area. The inclusion criteria of DRESS were a suspected drug reaction with MPE, plus the involvement of at least one internal organ (e.g., hepatitis, pneumonitis, myocarditis, pericarditis, nephritis), one of either lymphadenopathy or hematologic abnormality (e.g., eosinophilia, atypical lymphocytosis) and a fever above 38 °C. Patients who met three or more of these criteria were considered as DRESS (14) . The patients who were exposed to another "high-risk" drug or had any viral or bacterial infection in the same period when drug hypersensitivity symptoms arose, were excluded from the study. The patients determined by file screenings were called and invited to participate to the study. Twenty-eight patients accepted to be involved and give blood samples. Also, twelve patients diagnosed as AED related CDR during their follow-up visits volunteered to be study subjects. The ethical approval was obtained from Ethical Committee of Istanbul Medical Faculty, Istanbul University. All volunteer participants gave written informed consents prior to enrollment on the study.
HLA analysis
10 ml blood samples were collected in EDTA tubes from all groups. All the samples were genotyped at the Department of Medical Biology of Istanbul Medical Faculty, which has accreditation to perform clinical HLA typing by the European Federation of Immunogenetics. The genomic DNAs were obtained from peripheral venous blood samples by using the Bio-robot EZ1 (Qiagen N.V., Venlo,
Introduction
Drug hypersensitivity entails an important clinical morbidity. It consists of a variety of phenotypes, mainly the cutaneous adverse reactions that range from milder skin reactions (e.g., exanthem, urticaria, and angioedema) to severe cutaneous adverse reactions (SCARs) (1) . SCARs are life-threatening, and include Stevens-Johnson syndrome (SJS), toxic epidermal necrolysis (TEN), and drug reaction with eosinophilia and systemic symptoms (DRESS) or drug-induced hypersensitivity syndrome (DIHS) (2) . These reactions are differed from other drug reactions by their high morbidity and mortality rates. At this point, any factors that can predict the development of these particular reactions are highly warranted. So far, a limited number of drugs are associated with a high risk for SJS and TEN: several antiepileptic agents, especially CBZ, phenytoin, phenobarbital and lamotrigine, antibacterial sulfonamides, anti-inflammatory drugs of the oxicam family, allopurinol and the antiretroviral agent nevirapine (3) . Over the last decade, a large number of studies have shown associations between various HLA alleles and different delayed drug hypersensitivities (4). To date, the best characterized HLA-associated drug related hypersensitivity reactions are documented by abacavir, nevirapine, CBZ and allopurinol (5) . Among these drugs, abacavir has the strongest association with HLA-B*57:01 allele. Individuals with this allele have approximately a 50% chance of developing abacavir hypersensitivity syndrome, while no one without this allele is predicted to develop an immunologically confirmed hypersensitivity reaction, whereas CBZ hypersensitivity has been shown to be strongly associated with the HLA-B*15:02 allele (6) . The latter association was first demonstrated in Han Chinese patients, in which 44 with CBZ-induced SJS/TEN were positive for HLA-B*15:02 compared to 3% in the CBZ-tolerant cohort (odds ratio 2504) (7) . Subsequent studies have also confirmed this association in Thai, Korean, Malaysian and Indian populations (8) . As a result of this suggestive results, the US Food and Drug Administration has recommended prescreening testing for HLA-B*15:02 allele before prescribing CBZ in the ethnic groups at risk (9) . Later on another allele, HLA-A*31:01 was reported to be associated with all phenotypes of CBZ-induced cutaneous reactions, including maculopapular exanthema (MPE), DRESS and SJS/TEN in European and Japanese populations (10, 11) . So far, an association of certain HLA types with delayed drug hypersensitivity reactions has not been studied in Turkish population. So, we aimed to investigate whether any HLA A or B based genetic tendency exists for AED induced hypersensitivity reactions in Turkish population.
Methods
This was a multi-centered, case-control study in which the Neurology and Allergy Immunology Departments of 5 Universities
Results
The age and sex distribution were comparable in all study groups except Group II, in which the rates of female and male were equal ( Table I ). In the reactive group, the most common drugs causing CDR were lamotrigine (n = 11), CBZ (n: 10), and different combinations of these drugs (11) . Other drugs were phenytoin (n = 3), valproate (n = 1), prymidone (1), gababentin (1) pregabalin (1), topiramate (1) . Most of the reactions were MPE (n = 26) ( Table II) . The numbers of serious AED reactions were 6 for SJS, 1 for TEN and 7 for DRESS / DIHSS. Lamotrigine was the sole responsible drug (in 3 patients) or as a combination with another antiepileptic drug (in 3 additional patients) in patients presenting with SJS (Table III) . On the other hand, CBZ was more frequent in DRESS / DIHSS (Table IV) . Allele frequencies were similar in both AED reactive and tolerant patients ( Table V and Table VI) . However, the HLA-B*35:02 was found in 4 of 40 AED-reactive patients (in two patients with MPE and two patients with DRESS The Netherlands). Genotyping of HLA-B allele was performed by the PCR-SSOP method (polymerase chain reaction with sequence specific oligonucleotide probe) using Lambda One subtype kits (PCR-SSP, InGen, Technopolis, Chilly Mazarin, France) and confirmed by Olerup SSP high resolution HLA-B kits (PCR-SSP, Geno-Vision Inc, West Chester, Pennsylvania, USA). HLA-A alleles were typed by SBT method by Invitrogen kits (Thermo Fisher Scientific, Waltham, Mass, USA).
Statistical analysis
Statistical analyses were performed by Statistical Package for Social Sciences (SPSS 21.0) for Windows. Numeric values were expressed as mean ± SEM, whereas nominal values were given as n (%). Comparisons of the frequencies of HLA-A and HLA-B alleles between the subgroups were performed using Fisher's exact tests. All P-values were two-tailed. The statistical significance was defined as P < 0.05. (15) . The authors found that HLA-A*31:01 had a sensitivity of 70% and a specificity of 96% as a predictor for CBZ-DRESS in Europeans, yet had a sensitivity of 50% and a specificity of 96% in Chinese. In our series, we observed HLA*31:01 in 3 of 40 AED reactive patients (one of 7 DRESS / DHSS and 2 of 26 MPE) and 2 of 60 tolerant patients (not-significant). Accordingly, HLA*31:01 does not seem to be related with DRESS / DHSS or SJS in our study patients. However, this result needs to be cautiously evaluated as the number of the patients presenting with DRESS / DHSS in our group is very limited. As similar to our results, in another study conducted in patients of European origin, no single major HLA-related genetic risk factor was identified for lamotrigine-induced SCARs (15) . The authors obtained only suggestive evidence for B*58:01, A*68:01, Cw*07:18, DQB1*06:09, and DRB1*13:01. We detected B*58:01 in only two patients with MPE (one with lamotrigine, the second with CBZ). Although 4 reactive and 2 non-reactive patients presented HLA-A*68:01, this difference was not significant. But interestingly, one patient with DRESS caused by CBZ displayed A*68:01 allele together with A*31:01. The possibility that this special haplotype may reflect a risk for DRESS needs further exploration in a larger sample series. Apart from the previously reported HLA alleles in these particular reactions, we found a possible new HLA allele association in delayed type cutaneous reactions to AEDs. In this sense HLA-B*35:02, which has not been described as an associated marker with AED hypersensitivity in previous trials, was detected in four patients of the AED reactive group, while it was absent in AED tolerant patients, and was present in only one of healthy subjects. Although / DIHSS) while it did not exist in the AED tolerant group, and it was found in only one subject in the healthy control group (Table  IV) . This difference was statistically significant (p = 0.021, OR 10.48, 95% CI = 1.205 -95.336).
In HLA-A evaluation, no predominant allele frequency was found in any of the groups. HLA-A* 31:01 existed in 3 of the AED reactants (one DRESS, two MPE) while it was found in 2 of the non-reactants (p = 0.26). The HLA B*15:02 was not detected in any of the samples.
Discussion
This study is the first one to evaluate an association between AED hypersensitivity and HLA alleles in the Turkish population. Briefly, we did not find any specific HLA A or B alleles in delayed cutaneous reactions to AEDs. The results related to HLA-B*15:02 allele association in SJS to CBZ were in accordance with European studies. However, HLA-B*35:02, which has not been described as an associated marker with AED hypersensitivity in previous trials, was detected in our study group. HLA-B*15:02 allele is accepted as a strong marker for CBZ induced SJS / TEN in the patients with Asian descent. However, previous studies conducted in European countries showed that HLA-B*15:02 was a very rare allele in Caucasians, indicating that this marker cannot be used universally for CBZ related SJS (12,13). Lonjou et al. also did not find the existence of an alternative single HLA-B allele with a very strong association in Europe, except for four patients with Asian ancestry who presented HLA-B*15:02. They proposed that different alleles at the same locus could be responsible for increased disease risk in different populations (13) . Our country is located in the middle of Asia and Europe continents and the majority of the people living in Turkey are Caucasians; expectedly, our results were in accordance with European results. Another genetic association proposed for AED-induced severe cutaneous reactions is HLA*31:01, which was first shown this association seems to be inspiring, the results to be derived from more patients are needed to draw more definite conclusion and whether or not this HLA allele is really associated with certain type of reaction with certain AEDs in Turkish population. We have some limitations in this study. Both small sample size for each SCAR and the heterogeneity of the responsible AEDs were the main limiting factors. The many previous studies on CBZ hypersensitivity reactions suffered from the low incidences, difficulty of patient's enrollment, and small sample sizes (17) . Focusing on a specific drug and analyzing HLA genotype-phenotype correlations in the clinical spectrum, could provide more comprehensive pharmacogenetic data in AED-induced hypersensitivity reactions. So far, there is no information about the frequency of severe drug reactions to antiepileptic drugs in the Turkish population. Accordingly, in this preliminary study the target drug and the number of centers needed to provide a sufficient sample size could not be predicted.
In conclusion, the results of this preliminary study demonstrated that any HLA-A or B allele was not strongly associated with cutaneous adverse reactions to AEDs in the study patients. The weak HLA*35:02 association needs to be clarified. Therefore, further studies with a larger sample size would be helpful in analyzing genetic tendency for AED hypersensitivity in the Turkish population.
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